• Targeting of both CD20 and Flt3 proteins by CrossMab technology can efficiently evoke tumor-specific T-cell immunity. • Induction of tumor-specific T-cell response by CD20-Flt3 ligand extracellular domain BiFP provides a long-lasting protection from tumor recurrence.
Introduction
Non-Hodgkin lymphoma (NHL) is the fifth most common cancer in the United States and United Kingdom, consisting of indolent and aggressive subtypes with an expected 5 years of overall survival ranging from 25% to 75%. 1, 2 The mouse/human chimeric anti-CD20 antibody rituximab is the first therapeutic monoclonal antibodies (mAb) approved for cancer therapy. Though it has revolutionized the management of follicular lymphoma and aggressive B-cell NHL in patients over the past decade, only 48% of patients respond to the treatment, with ,10% showing a complete response. 3, 4 Increasing evidence shows that several different pathways may contribute to rituximab-mediated tumor suppression, specifically the antibodydependent cellular cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), and cell death pathways. 5 However, the in vivo mechanisms of action have yet to be elucidated. Several studies have indicated that maximal clinical and molecular responses to rituximab therapy may take several months, suggesting that shortterm cytolytic mechanisms such as cell death, CDC, and ADCC are not the only ones involved. 6 Clinical studies have shown that retreatment with rituximab in patients who had a relapse after an initial response increased the time to progression 7 and that maintenance therapy given to patients in response to rituximab increased the response rates. 8 Moreover, promising data were recently reported from phase 2 clinical trials where combinations of immunomodulatory cytokines interferon-a or granulocyte-macrophage colonystimulating factor (GM-CSF) with rituximab for treating B-cell NHL patients produced high clinical response rates and a tolerable safety profile. 9, 10 The clinical data suggested that antitumor adaptive immune responses may be elicited in these rituximab therapies and may prolong patient survival.
As expected, several groups have revealed that mechanisms of tumor regression by antibody therapy require adaptive immune responses. [11] [12] [13] Additionally, recent studies showed that improvement of effector cell phagocytosis by using CD47 blocking antibody or the direct enhancement of CD8 1 T-cell response through antitumor vaccine substantially increased the therapeutic efficacy of antibody therapy against the cancer. 14, 15 Thus, the ideal cancer immunotherapy should increase the influx of both innate and adaptive immune cells into the tumor microenvironment to further enhance subsequent antibody-induced immunity, leading to increased tumor eradication and resistance to rechallenge. Dendritic cells (DCs) are critical for both the induction of primary immune responses and the regulation of T-cell-mediated immune responses. 16 They can conduct all of the elements of the immune orchestra, which are becoming a fundamental target for the induction of protective immunity against cancer and infectious diseases. [17] [18] [19] [20] Numerous experimental and clinical studies have indicated that the Flt3 ligand, a hematopoietic growth factor, has the unique ability to dramatically expand the number of both myeloidrelated and lymphoid-related DCs 21, 22 and could eventually generate protective immune responses against cancer. 23, 24 To substantially stimulate antitumor adaptive immunity and consequently provide longlasting protection against lymphoma, we converted the CD20 antibody rituximab and Flt3-ligand extracellular domain (Flex)-Fc fusion protein into an immunoglobulin (Ig) G-like bispecific protein by using CrossMab technology. 25 Our results indicated that CD20-Flex bispecific fusion protein (BiFP) not only triggers potent CDC, ADCC, and cell death but also efficiently evokes tumor-specific Tcell immunity that could eradicate both human CD20-positive and CD20-shedding lymphoma. More importantly, CD20-Flex BiFP provides long-lasting protection against tumor cells, allowing mice to survive to a subsequent tumor rechallenge. This protective effect was achieved by inducing a cellular immune response that required the presence of both CD4 1 and CD8 1 T cells.
Materials and methods

Cell lines, antibodies, and animals
Raji, Daudi, Ramos, RPMI 8226 cells, and A20 cells were obtained from the American Type Culture Collection. A20-CD20 cells were produced by infecting A20 cells with lentiviral virus expressing human CD20 proteins. Fc-deleted CD20-Flex BiFP was generated by thrombin digestion. The secondary antibodies were purchased from Sungene Biotech. SCID mice, BALB/c mice, and Imprinting Control Region mice were housed in specific pathogen-free conditions and treated in accordance with the guidelines of the Committee on Animals of the Second Military Medical University. The study using human peripheral blood mononuclear cells (PBMCs) and hematopoietic progenitor cells (HPCs) from the donors was approved by the Institutional Review Board of the Second Military Medical University. Informed consent from donors was obtained in accordance with the Declaration of Helsinki.
Binding activity assays
The affinity constant of CD20-Flex BiFP for CD20 and Flt3 receptor was accomplished by radioimmunoassay. The dissociation constants were determined by nonlinear least-squares regression analyses.
Off-rate measurements
Cells were resuspended in medium with 125 I-labeled BiFP. After 1 hour, cells were resuspended with unlabeled IgG medium. After different time intervals, the samples were analyzed.
Cytotoxicity assays
After incubation with antibodies for 1 hour, cells were cultured with addition of either normal human serum or human PBMCs. The cell lysis was determined by measuring the amount of lactate dehydrogenase released into the culture supernatant.
Cell death assay
The cells were incubated with different concentrations of BiFP for 16 hours. After washing, cells were treated with Annexin V-FITC and analyzed by flow cytometry.
Hematopoiesis assay
Purified HPCs were supplemented with erythropoietin, interleukin-3, and GM-CSF. Total colony numbers were counted on day 14.
Treatment of established tumors in vivo
Cells were subcutaneously inoculated into the right lateral flank of SCID mice or BALB/c mice separately. When the tumors reached 8 to 10 mm in diameter, antibodies or BiFP were intravenously injected once weekly for 4 doses.
Assessment of tumor-specific T-cell immunity
After being administered with BiFP or antibodies, the antibody-treated tumorfree mice were rechallenged with A20-CD20 or A20 cells subcutaneously in the opposite flank. Some groups of these mice were intraperitoneally administered with anti-CD4 and/or anti-CD8 mAb after the rechallenge. Effective depletion of CD4 1 and/or CD8 1 T cells was verified by flow cytometry.
Statistical analysis
Statistical analysis was performed by Student's unpaired t test to identify significant differences unless otherwise indicated. Significant differences in tumor incidence at one time point were determined by the Fisher's exact test. Differences were considered significant at a P value of ,.05.
The detailed procedure can be seen in the supplemental Methods, available on the Blood Web site.
Results
Design and characterization of CD20-Flex BiFP
Based on CrossMab technology recently reported, 25 we designed an IgG-like bispecific fusion protein (CD20-Flex BiFP) that deviates only minimally from the naturally occurring CD20 antibody rituximab and Flex-Ig. As shown in the right of Figure 1A and supplemental Figure 1A , the constant heavy 1 (CH1) of Flex-CH1-Hinge-CH2-CH3 was replaced with the constant light (CL) of antibody, generating a polypeptide chain made of Flex-CL-Hinge-CH2 and CH3. To generate CD20-Flex BiFP, exchange of CH1 and CL domains in the Flex-CH1-Hinge-CH2-CH3 fragment of the CD20-Flex BiFP is essential for correct association of the light chain and the cognate heavy chain of the half IgG of rituximab in CD20-Flex BiFP. Hetero-dimerization of the rituximab heavy chain and Flex-CL-Hinge-CH2-CH3 was achieved by using the KiH method. 26, 27 The resulting highly purified CD20-Flex BiFP was assessed on size-exclusion chromatography (supplemental Figure 1B) and sodium dodecyl sulfate/polyacrylamide gel electrophoresis (supplemental Figure 1C ). The stability of CD20-Flex BiFP was also evaluated by incubation of CD20-Flex BiFP in phosphate-buffered saline (PBS) at 37°C for 14 days and subsequent measurement of protein stability through sodium dodecyl sulfate/polyacrylamide gel electrophoresis (supplemental Figure 1D ). The binding affinity for CD20 and Flt3 of the CD20-Flex BiFP was determined by analyzing direct cell surface saturation binding to Daudi cells ( Figure 1B ) and 8266 cells, respectively. The dissociation constant of rituximab (4.83 6 0.32 nM) is quantitatively consistent with a previous report by Reff et al. 28 It can be seen in Figure 1B that the Fcdeleted CD20-Flex BiFP binding affinity for CD20 (4.82 6 0.25 nM) is similar to the avidity of rituximab. The similar binding affinity of Flex and CD20-Flex BiFP for Flt3 receptor was also detected (250 6 20 and 230 6 40 pmol/L, separately). Additionally, our data showed that Fc-deleted and intact rituximab or BiFP has similar BLOOD, 19 DECEMBER 2013 x VOLUME 122, NUMBER 26 LYMPHOMA ERADICATION BY CD20-FLEX BIFP 4231
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Binding "off-rate" experiments using 125 I-labeled IgG were performed to compare the dissociation of rituximab and CD20-Flex BiFP from Raji cells. As shown in Figure 1C , the data showed a slight difference in the off-rate between CD20-Flex BiFP and rituximab. Approximately 60% of the rituximab, and more than 54% of CD20-Flex BiFP, remained bound to the cells after 2 hours. In addition, similar results were achieved with F(ab9) 2 , which excluded an interaction with FcgR on target cells influencing mAb dissociation (data not shown). To investigate the intact function of Flex in the CD20-Flex BiFP, we evaluated the effect of CD20-Flex BiFP on the number of colonies generated by purified HPCs. Our data showed that Flex-Ig or CD20-Flex BiFP (10 or 20 ng/mL) in combination with saturating concentrations of interleukin-3, GM-CSF, and erythropoietin elicited a dose-dependent increase in the total colony number ( Figure 1D ). Compared with the parental antibody rituximab and fusion protein Flex-Ig, the data indicated that CD20-Flex BiFP had similar binding activity and functions.
CD20-Flex BiFP effectively induces antitumor activity as comparable with rituximab
In initial functional experiments, the cytotoxic activities of CD20-Flex BiFP were assessed against 2 CD20 1 human lymphoma cell lines, Daudi and Raji. In line with our expectations, BiFP displayed approximately the same level of CDC activity as rituximab (Figure 2A-B) . To determine the BiFP-mediated ADCC by PBMCs, a standard lactate dehydrogenase assay was performed. Purified human PBMCs from healthy donors were used as effector cells and Daudi cells were used as the target. Assays were conducted at E:T ratios of 25:1 using antibody concentrations ranging from 0.003 to 10 mg/mL ( Figure 2C ). To facilitate a comparative analysis of the data, we evaluated the concentrations of antibody needed for 50% cytotoxicity at E:T ratios of 25:1. Our data showed that 2 mg/mL of rituximab or BiFP was required to achieve the targeted lysis levels. Similar results were also obtained with Raji cells (data not shown). Subsequently, induction of cell death was evaluated by FITC-Annexin V assays in Raji cells. As indicated in Figure 2D , after they were crosslinked with anti-human k F(ab9) 2 fragment, BiFP and rituximab triggered a similar level of cell death (.30%) in Raji cells at the concentration of 10 mg/mL. When adding cell-permeable caspase inhibitor N-Benzyloxycarbonyl-Val-Ala-Asp(O-Me) fluoromethyl ketone (ZVAD-FMK) in the range from 0.4 to 50 mM, our experimental results revealed ZVAD-FMK was able to prevent both CD20-Flex BiFP-and rituximab-induced cell death in the presence of cross-linker ( Figure 2D ). Further studies showed that both CD20-Flex BiFP and rituximab could not induce significant lysosome membrane permeabilization and cathepsin release. The cross-linking-induced cell death triggered by BiFP or rituximab cannot be inhibited by cathepsin inhibitor (data not shown). These results demonstrated that CD20-Flex BiFP could efficiently trigger potent CDC, ADCC, and cell death as comparable with rituximab.
Tissue distributions and pharmacokinetics of CD20-Flex BiFP in mice
To further assess if conversion of rituximab to CD20-Flex BiFP altered the in vivo antibody behavior, we compared the tissue distribution of CD20-Flex BiFP with that of rituximab. Three separate groups of mice were treated with 125 I-labeled rituximab, 125 I-labeled Flex-Ig, or 125 I-labeled CD20-Flex BiFP via tail vein injections. At 24 hours after the administration, the animals in each group were killed and exsanguinated by flushing the circulatory system with PBS. The organs were then removed, weighed, and assayed for 125 I radioactivity. The percent of injected dose per gram of tissue (%ID/g) was calculated for each animal. The mean values were calculated and are graphically presented in Figure 3A . A comparison of the data showed no significant observable differences between rituximab and CD20-Flex BiFP for the tissue localization. Both rituximab and BiFP were largely present in the tumor site and blood compartments. Furthermore, the kinetics of tumor clearance of 125 I-labeled rituximab, Flex-Ig, or CD20-Flex BiFP in tumor-bearing BALB/c mice were analyzed (supplemental Figure 2 ). Rituximab showed continuous accumulation, reaching 34.3%ID/g at 72 hours. Compared with rituximab, CD20-Flex BiFP also accumulated in the tumor at a comparable level to reach a maximum of 36.3%ID/g after 72 hours.
BALB/c mice were intravenously injected with the same amount of rituximab, Flex-Ig, or CD20-Flex BiFP. Blood samples were withdrawn at different time points over a period of 26 days to assay the protein concentrations in the whole blood. The data are shown in Figure 3B , where the blood concentrations of rituximab, Flex-Ig, and BiFP, as determined using the ELISA method, are plotted against the time of sampling in hours after administration. The pharmacokinetic variables were calculated using a noncompartmental analysis. The terminal half-life periods of CD20-Flex BiFP, rituximab, and Flex-Ig were 102, 114, and 100 hours, respectively ( Figure 3B ).
Long-lasting antitumor protection by CD20-Flex BiFP against B-cell lymphoma
To determine whether initial CD20-Flex BiFP therapy induces an antitumor response that can protect mice after tumor challenge, we subcutaneously injected 5310 6 Daudi cells into SCID mice on day 0. When the tumors reached 8 to 10 mm in diameter, 10 mg/kg rituximab, Flex-Ig, CD20-Flex BiFP, or rituximab and Flex-Ig was intravenously injected once weekly for 4 doses. As shown in Figure 4A and supplemental Figure 5 , although all of the treatments can induce the complete rejection of established (80 mm 2 ) subcutaneous Daudi cells in mice (P , .001 for each compared with the PBS control), the suboptimal doses of CD20-Flex BiFP exhibited more potent antitumor efficacy than that of rituximab (P , .05 compared with the rituximabtreated group). To further explore the long-lasting antitumor activity of CD20-Flex BiFP, we first transfected human CD20 into murine B-cell lymphoma A20 cells to establish A20-CD20 mouse model as previously described. 29, 30 CD20 expression levels were measured by mean fluorescence intensity. As illustrated in supplemental Figure 6A , A20-CD20 cells showed similar CD20 surface expression compared with Ramos cells, whereas human CD20 expression was not detectable on the plasma membrane of A20 cells. Similar to human B-cell lymphoma, CDC, ADCC, and cross-linking-induced cell death could be detected in A20-CD20 cells after treatment with rituximab or CD20-Flex BiFP (supplemental Figure 6B-D) . After complete rejection of low doses of A20-CD20 cells in wild-type BALB/c mice by treatment with rituximab, Flex-Ig, BiFP, or rituximab and Flex-Ig, the mice were rechallenged with A20-CD20 or A20 cells on the opposite flank. Surprisingly, our data showed that only the CD20-Flex BiFP-treated group significantly rejected A20-CD20 cells (P , .01), although some suppression of tumor growth was still observed in the rituximab-, Flex-Ig-, and rituximab and Flex-Igtreated groups (Figure 4B-C) . The most striking finding in our present study was that the BiFP-treated group still exhibited the capacity to cause substantial regression of A20 tumors ( Figure 4D; P , .01) , which normally do not express human CD20 surface protein. These results indicated that CD20-Flex BiFP could trigger long-lasting antitumor protection against both CD20 positive and CD20 negative lymphoma, suggested that antitumor immune responses may be critical for long-lasting antitumor protection initiated by BiFP. The distribution of CD20-Flex BiFP. BALB/c mice bearing A20-CD20 tumors were intravenously injected with 0.1 mL (2310 6 counts per minute/mouse) of 125 I-labeled rituximab, Flex-Ig, or CD20-Flex BiFP. At 24 hours after injection, the animals were sacrificed and different tissue samples were collected and assayed for radioactivity. Data are presented as %ID/g of tissue and values are the mean 6 SD derived from 3 organs of 3 different animals. (B) Groups of 8-week-old female Imprinting Control Region mice were injected with 10 mg/kg rituximab, Flex-Ig, or CD20-Flex BiFP via the tail vein. Antibody concentrations in plasma were determined. Each data point is the mean 6 SD of the measurements of 3 samples from 3 different animals. BLOOD, 19 DECEMBER 2013 x VOLUME 122, NUMBER 26 LYMPHOMA ERADICATION BY CD20-FLEX BIFP 4233
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Induction of tumor-specific T-cell immunity by BiFP-mediated tumor rejection
To evaluate the contribution of antitumor immunity for BiFP-induced long-lasting protection, the infiltrating immune cells, including NK, DC, CD4 1 T cells, and CD8 1 T cells, were first assessed in the treated tumors site up to 8 days after BiFP treatment. As illustrated in Figure 5 , significantly larger numbers of infiltrating DC and CD8 1 T cells were observed at the tumor site in the BiFP-treated mice compared with the control Ig-treated mice (P , .01). However, a marked difference in infiltration of DC or CD8 1 T cells was not observed after rituximab or Flex-Ig treatment. To further investigate the role of DC in the promotion of tumor-specific T-cell immunity, we first analyzed the kinetics of generation of DCs in spleen and peripheral blood after treatment with BiFP. The absolute number of DCs was markedly increased in both spleen and peripheral blood after 10 days (supplemental Figure 3 ; P , .01 compared with control group). Further studies showed that depletion of DCs through diphtheria toxin injection significantly influence the tumor-specific T-cell immunity triggered by CD20-Flex BiFP (supplemental Figure 4 ). Subsequently, we examined whether eradication of primary A20-CD20 tumors by CD20-Flex BiFP treatment enabled the induction of tumor-specific Tcell immunity. Administration of BiFP resulted in complete rejection of 10 4 A20-CD20 cells in BALB/c mice ( Figure 6A, left) . When rechallenged with A20-CD20 cells on the opposite flank, these mice rejected A20-CD20 cells (Figure 6A , middle). Depletion of either CD8 1 T cells or CD4 1 T cells abrogated the secondary rejection, although some suppression of tumor growth was still observed in the CD4 1 T-cell-depleted mice (Figure 6A, middle) . To further validate the tumor-specific immune response, irrelevant 4T1 tumor cells were inoculated into A20-CD20-rejecting mice or naive mice. No obvious differences were observed, indicating that BALB/c mice preimmunized with A20-CD20 cells did not reject the secondary challenge with irrelevant 4T1 tumor cells ( Figure 6A, right) . Moreover, adoptive transfer of splenic T cells isolated from A20-CD20 rejecting BALB/c mice (P , .01), but not those isolated from naive BALB/c mice, protected SCID mice from a lethal dose of A20-CD20 tumor challenge ( Figure 6B, right) . These results indicated that CD20-Flex BiFP could elicit tumor-specific T-cell immunity against B-cell lymphoma.
Discussion
In our present study, we successfully converted therapeutic antibody rituximab and Flex-Ig into a bispecific IgG-like protein by using CrossMab technology as previously described. 25 Our data showed that the bispecific CD20-Flex BiFP exhibited a stability comparable with its parental antibodies and bound CD20 and Flt3 receptor with affinity similar to that of rituximab and Flt3 ligand. As we know, the classical IgG architecture as it was selected during evolution has Figure 4 . In vivo antitumor activity of CD20-Flex BiFP. (A) Groups of SCID mice were subcutaneously inoculated with 5310 6 Daudi. When the tumors reached 8 to 10 mm in diameter, 10 mg/kg rituximab, Flex-Ig, CD20-Flex BiFP, or PBS was intravenously injected once weekly for 4 doses. Tumor size was measured 2-dimensionally with a caliper. (B-D) BALB/c mice were inoculated with A20-CD20 cells and then treated with rituximab, Flex-Ig, CD20-Flex BiFP, or rituximab combined with Flex-Ig (n 5 25) (B). The antibody-treated tumor-free mice were then rechallenged with A20-CD20 (C) or A20 cells (D) subcutaneously in the opposite flank on day 42 (solid symbols). Naive mice were inoculated with A20-CD20 cells (middle) or A20 cells (right) as the control. The primary tumor material is examined through measurement of tumor size and IHC analysis. The graphs are representative of at least 5 experiments, each of which showed similar results. Figure 5 . CD20-Flex BiFP induces infiltration of DCs and CD8 1 T cells in tumor site. Tumor was removed 8 days after tumor inoculation from control Ig-, rituximab-, Flex-Ig-, or CD20-Flex BiFP-treated mice and then were embedded in Tissue-Tek OCT compound and frozen in liquid nitrogen. Tissues were sectioned on a cryostat. CD56 1 NK cells, CD11c 1 DC, CD4 1 T cells, and CD8 1 T cells were stained by a routine IHC protocol. Representative of 5 tumors in each group. Quantification of IHC images using the NIH ImageJ software package. The values are indicated as percent area in comparison with the staining obtained from the NT group. many advantages for therapeutic application. 31 The Fc part is identical to that of a conventional IgG antibody, resulting in IgG-like pharmacokinetic properties and retained effector functions such as the mediation of ADCC through FcgRIIIa binding. IgG-like size and molecular weight are expected to result in IgG-like diffusion, tumor penetration, and accumulation in comparison with bispecific tetravalent antibodies of higher molecular weight. The antibody-Flex crossover approach leaves the antigen-binding regions of the parental antibody and fusion protein intact; the method provides a way to convert any therapeutic antibodies and fusion protein into an almost natural bispecific IgG-like BiFP. Additionally, a bispecific CD20-Flex BiFP protein generated in this study could be expressed using a conventional transient antibody expression system comparable in yields and quality with conventional IgG antibodies and could be purified using standard IgG purification procedures. All these benefits of BiFP indicated that it has strong potential as a therapeutic agent for cancer treatment. 32, 33 Recent studies revealed that the in vivo mechanisms of tumor regression by both anti-HER2/neu and anti-CD20 antibody therapy require adaptive immune responses. 11, 34 In accordance with their findings, our experimental data showed that, after rechallenge with A20-CD20 cells or A20 cells, some suppression of tumor growth was observed in rituximab-and Flex-Ig-treated groups, suggesting that treatment with rituximab or Flex-Ig alone does not trigger a sufficient level of adaptive immune response against tumors (supplemental Figure 5 ). Further studies showed that significantly larger numbers of infiltrating DC and CD8 1 T cells at the tumor site were not observed after treatment with rituximab or Flex-Ig. It is worthy to note that even in the rituximab combined with Flex-Ig treatment group, the significant inhibition of tumor growth, after the secondary tumor inoculation, was not found. In contrast, we observed that BiFP induced infiltration of large numbers of DC and CD8 1 T cells into the tumor site and consequently produced a marked rejection of rechallenged A20-CD20 cells in CD20-Flex BiFP-treated mice. Our data revealed that CD20-Flex BiFP has the ability to induce infiltration of DC and CD8 1 T cells into the tumor site, which might be critical for eliciting the antitumor immune response for long-lasting protection.
Emergence of rituximab resistance is a critical problem for rituximab-based therapy. A number of impressive clinical studies have recently revealed that down-regulation of CD20 on the plasma membrane after treatment with rituximab limits the therapeutic efficacy of CD20 antibody therapy. [35] [36] [37] [38] [39] Their data showed that internalization of CD20 triggered by rituximab led to reduced macrophage recruitment and the degradation of CD20/mAb complexes, shortening mAb half-life. Moreover, most cases of chronic lymphatic leukemia and mantle cell lymphoma showed rapid CD20 internalization after rituximab treatment. 35, 40, 41 Although the mechanism of rituximab resistance in B-cell lymphoma remains unclear, CD20 shedding may be partially responsible for the resistance to rituximab treatment. 42, 43 Our results showed that the long-lasting antitumor protection initiated by CD20-Flex BiFP treatment can also protect mice from a subsequent tumor challenge with no human CD20-expressing A20 cell lines. The tumor-specific T-cell immunity has been further validated by the rechallenge of irrelevant 4T1 tumor cells and depletion of DC, CD8 1 T cells, and CD4 1 T cells during the secondary tumor inoculation. Although the respective contribution of CDC, ADCC, and cell death induced by BiFP need to be further illustrated, our results indicated that induction of antitumor T-cell immunity by CD20-Flex BiFP provided long-term tumor-specific protection against both human CD20 1 and human CD20 2 lymphoma, suggesting that CD20-Flex BiFP may have the potential to become a promising agent to overcome resistance on long-term rituximab therapy. As we known, syngeneic tumor models may not fully represent the complexity of human tumors in clinical situations. 44 Spontaneous tumor models provide unique insight into tumor development. We are developing spontaneous B-cell lymphoma models in an attempt to further investigate the relationship between tumor-specific T-cell immunity and antitumor activity of CD20-Flex BiFP.
In conclusion, the bispecific IgG-like CD20-Flex BiFP therapy might be an efficient strategy not only to eliminate rituximab-sensitive lymphoma temporarily, but also to potentiate tumor-specific T-cell immunity that affords a long-term protection from tumor recurrence. Figure 6 . Induction of tumor-specific T-cell memory by BiFP-mediated tumor rejection. (A) BALB/c mice were subcutaneously inoculated with A20-CD20 cells and then treated with CD20-Flex BiFP or control Ig (left). After the first inoculation, the BiFP-treated mice were secondarily inoculated with A20-CD20 cells. Some mice were treated with anti-CD4 mAb, anti-CD8 mAb, anti-CD4, and anti-CD8 mAb or isotype Ig (middle). Naive mice were inoculated with A20-CD20 cells as the control. Irrelevant 4T1 tumor cells were inoculated into A20-CD20-rejecting mice or naive mice (right). (B) BALB/c and SCID mice were inoculated with A20-CD20 cells and then treated with CD20-Flex BiFP mAb (200 mg) (n 5 25; 800 mg) or control Ig (n 5 25) (left). Five weeks after the first inoculation, the BiFPtreated BALB/c and SCID mice that had rejected A20-CD20 were secondarily inoculated with A20-CD20 cells (middle). Naive BALB/c and SCID mice were inoculated with A20-CD20 cells as the control. Two days after inoculation of A20-CD20 cells, some SCID mice were intravenously transferred with splenic T cells from the BiFP-treated BALB/c mice that had rejected A20-CD20 or naive BALB/c mice (right). Naive SCID mice and naive BALB/c mice as the control. The graphs are representative of at least 5 experiments, each of which showed similar results. BLOOD, 19 DECEMBER 2013 x VOLUME 122, NUMBER 26 LYMPHOMA ERADICATION BY CD20-FLEX BIFP 4235
